
 
 
 

 

J1647-02-01 
August 9, 2019 
 
Joseph Laydon 
Town of Grafton 
30 Providence Road 
Grafton, Massachusetts   01519 
 
Re: Peer Review Comments 
 Brigati Village Slope Project 

41 Church Street 
 Grafton, Massachusetts 
 
 
Dear Mr. Laydon: 

O’Reilly, Talbot & Okun Associates, Inc. (OTO) is pleased to provide this letter report 
summarizing our geotechnical engineering peer review comments for the proposed Brigati 
Village development, to be located at 41 Church Street in Grafton, Massachusetts.  

We based our review on the following documents: 

• Design sheets prepared by WDA Design Group, dated February 7, 2019 (revised 
May 17, 2019) entitled Special Permit/Site Plan Approval for Brigati Village; 

• Geotechnical Engineering Report, Slope Stability Evaluation – Brigati Village, by 
Northeast Geotechnical, Inc., dated May 15, 2019;  

• Geotechnical Engineering Report Addendum #1, Slope Stability –Brigati Village, 
by Northeast Geotechnical, Inc., dated July 12, 2019; and 

• Slope Stability Analyses, performed by Northeast Geotechnical, Inc., provided in 
electronic format.  

Project Description 
 
The project consists of the construction of 10 multi-unit apartment buildings at the south 
end of West Street in Grafton, Massachusetts. The project includes the construction of 
three storm water basins; two detention basins in the western part of the Site (west of 
proposed Buildings Nos. 5 and 6) and an infiltration basin in the eastern part of the Site 
(to the east and northeast of Building No. 3). Each basin will be located at the top of a 
slope and will involve the placement of fill to form an embankment on the downhill side of 
the slope. Approximately 10 to 12 feet of fill will be placed to form the embankment on the 
west (downhill) sides of Detention Basins Nos. 1 and 2. Approximately 10 feet of fill will be 
placed to form the embankment on the east side of the Infiltration Basin No. 3. The filling 
of the slopes for the two detention basins appear to be the critical design case since the 
downhill fill slope is steeper (3 horizontal on 1 vertical) than the downhill slope around the 
infiltration basin (which is 4 horizontal on 1 vertical).  
 
The configuration of the embankment can be seen on Sheet C5.04 (upper left corner) of 
the Site Plan Approval package by WDA. The embankment will be constructed of 
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impervious fill, which will be keyed into the native glacial till to limit seepage through the 
embankment. Water levels within each of the detention basins will be controlled via an 
outlet control structure and a riprap lined overflow swale. Water exiting the control 
structures flows through a system of piping and manholes before empting into the riprap 
lined drainage swales downhill of the embankments. The locations of the control 
structures, associated pipes and riprap lined swales are shown on Sheet C3.02. Surface 
water is eventually discharged to the ground surface, via riprap lined spreaders 
approximately 80 to 120 feet to the west of the detention basins.  
 
We note that the detail provided on Sheet C5.04 does not depict actual construction 
details. As depicted on Sheet 3.02 below the embankment the solid drainpipe flows 
through drain manholes and eventually discharges through a flared end section. The solid 
pipe from Basin 1 flows through three manholes and eventually discharges into the level 
spreader approximately 120 feet to the west of the basin. The solid discharge pipe from 
Basin 2 flows through one manhole and discharges into the riprap lined swale to the 
southwest of the basin.   
 
Soil and Groundwater Conditions 
 
Northeast Geotechnical, Inc. (NEG) performed subsurface explorations, laboratory 
analyses and slope stability analyses for the embankment on the west sides of Detention 
Basins Nos. 1 and 2 in the western part of the Site. They performed three soil borings 
during January 2019 to evaluate subsurface soil and groundwater conditions.  The 
subsurface location plan provided by NEG is attached. These explorations indicated that 
existing soil conditions consist of a topsoil layer, followed by a relatively thin fine to medium 
sand (subsoil), underlain by glacial till. Glacial till is a dense to very dense, heterogeneous 
mixture of silt, clay, sand and gravel, which was deposited at the base of the continental 
glaciers which once covered all of New England. Because the glacial till was subject to 
very high vertical pressures from the weight of overlying ice sheet it is typical very compact 
and is stable at relatively steep slopes. Given the high density and relatively high silt and 
clay content, it is also relatively impermeable, causing groundwater to flow near the top 
surface of the glacial till layer.  
 
We note that project plans call for the removal of the topsoil and fine to medium sand 
subsoil layers prior to construction of the embankment fills. Therefore, this layer will be 
ignored during analyses.  
 
NEG encountered glacial till at a depth of between 2 and 5 feet below ground surface in 
their soil borings. Groundwater was present at a depth of between 3 and 4 feet below 
ground surface in a groundwater observation well installed and monitored by NEG. 
Therefore, it appears that under natural conditions groundwater flows along the top of the 
Glacial Till layer.   
 
NEG also completed a laboratory testing program on selected samples of the Glacial Till. 
This program consisted of grain size distribution analyses, the completion of the 
compacted maximum dry density via the Modified Procter method (ASTM D1557) and the 
determination of the soil shear strength (friction angle and cohesion intercept). The 
laboratory data indicates that the material contains between approximately 20% and 50% 
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silt and clay (and thus is relatively impermeable) and can be compacted into a relatively 
dense state (as evidenced by a relatively high maximum dry density of 139.5 pounds per 
cubic foot). The laboratory direct shear test indicated a relatively high friction angle of 42.7 
degrees.  
 
Slope Stability Analyses 
 
NEG performed slope stability analyses of the 3H to 1V embankment slope to the west of 
Basins 1 and 2. A limit equilibrium analyses was performed using the SLOPE/W computer 
program using the Morgenstern-Price Method. Three stability analyses were performed:  
 

• Static analysis with the groundwater table at the surface (conservative analysis);  

• Static analysis with the groundwater table at the glacial till surface; and 

• Pseudostatic analysis under seismic loading with the groundwater table at the 
glacial till surface.  

 
We note that some design cases described in the US Army Corps of Engineers Manuals 
(such as rapid drawdown) are applicable to flood control levees along riverbanks, and are 
not applicable to this project.   
 
A discussion of model parameters, slope geometry, analyses conditions and factors of 
safety against failure is provided below.  The computational output files are attached to 
this report.  
 

Slope Geometry and Soil Profile 
 
The slope geometry used in the model was based on a section cut to the west of Basin 1, 
as shown on the attached Subsurface Exploration Location Plan provided by NEG.  NEG 
assumed a soil profile of a compacted, structural fill over the natural glacial till. It was 
assumed that the topsoil and fine to medium sand subsoil would be entirely removed. The 
assumed soil profile and geometry appear to be reasonable, although we recommend that 
a geotechnical engineer be present during construction to document that the topsoil and 
fine to medium sand subsoil have been removed as discussed in the Recommended 
Construction Documentation section below. 
  

Soil Properties for Slope Stability Analysis 
 
NEG uses the following soil properties in their analyses: 
 

Property Compacted Structural Fill Glacial Till 

Unit Weight (pcf) 133 133 

Friction Angle (degrees) 38 42 

Cohesion (psf) 0 0 

 
These values appear to be reasonable based upon published values, the laboratory 
testing performed, and our experience.  
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Groundwater Modeling 
 
The location of the groundwater table and groundwater seepage forces have a significant 
impact on the stability of embankment slopes. To address this issue the embankment 
design calls for the placement of impervious backfill (likely recompacted glacial till from 
the Site) to form the embankment and the keying of the impervious fill into the natural 
glacial till layer. This detail is appropriate to prevent seepage through the embankment, 
and thus increasing the stability of downslope soils. We understand that compacted 
structural fill will be placed downslope of the impervious embankment core.  Given the 
design of the embankment, significant seepage forces are not anticipated and were not 
included in the analyses.   We concur with NEG’s groundwater modeling. 
 
NEG analyzed stability with two assumed groundwater conditions. They performed an 
analysis assuming the groundwater table would be present at the ground surface downhill 
of the embankment, and a second analysis with the groundwater table present along the 
top of the glacial till layer. The first is conservative since it assumes that water will leak 
through the impervious core. In our opinion, this is unlikely given the design detail and 
impervious nature of the embankment core and underlying glacial till. The second analysis 
is more reasonable since it assumes conditions similar to those that are occurring 
currently, with only limited leakage through the embankment.  
  

Seismic Loading Parameters 
 
In addition, NEG performed a pseudostatic stability analysis to assess the factor of safety 
against slope failure subjected to earthquake forces.  NEG indicates that the ground 
acceleration used in the analysis was based upon the seismic parameters for the Town of 
Grafton obtained from the 9th Ed. Massachusetts State Building Code.  The 0.14 seismic 
coefficient used within the pseudostatic stability analysis appears appear appropriate.  
 
For this analysis, the groundwater table was assumed to be at the glacial till surface.  As 
discussed above, this appears consistent with the proposed design.   
 

Recommended Minimum Factors of Safety and Discussion of Results 
 
For general slope stability, NEG computed a factor of safety of 1.3 for the conservative 
analysis with the groundwater at the ground surface, and 1.7 with the groundwater table 
along the glacial till surface. We compared these values with recommended minimum 
factors of safety for embankment slopes1. The appropriate factor of safety is dependent 
on the consequences of a failure and the amount of uncertainty associated with the 
design. The greater the uncertainty in the design and the higher the consequences of the 
failure, the higher the required factor of safety. In generalized terms, the following values 

                                                

1 “Soil Strength and Slope Stability, Duncan, Wright and Brandon, Wiley, 2014, Table 13.1, page 
216. 
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are recommended.  For slope stability analyses evaluating seismic events, a Factor of 
Safety is commonly between 1 and 1.152. 
 

Minimum Factor of Safety 

 Small Uncertainty Large Uncertainty 

Limited Consequences 1.25 1.5 

Significant Consequences 1.5 2.0 

 
Since no structures are located downslope of the detention basin embankments, and the 
main consequence of a failure would be that soil and water would flow over the slope 
downhill of the basins, it is our opinion that only Limited Consequences are likely. The 
main uncertainty associated with the analyses is the location of the groundwater table 
downslope of the embankment.  The analysis with the groundwater table at the ground 
surface has only a small uncertainty since placing the groundwater table at the ground 
surface is a conservative assumption and is unlikely to occur. We have conservatively 
assigned a large uncertainty to the analysis with the groundwater table along the top of 
the glacial till layer.  
 
Comparison of the computed and minimum factors of safety are as follows. 
 

Analyses Computed Factor of 
Safety 

Minimum Factor of 
Safety 

Static Conditions:  
Groundwater Table at Ground Surface 

1.3 1.25 

Static Conditions:  
Groundwater Table at Glacial Till Layer 

1.7 1.5 

Pseudostatic Conditions:  
Seismic Event 

1.3 1.0 - 1.15 

 
Since the   the minimum required value for both analyses it is our opinion that an adequate 
factor of safety has been achieved.  
 
Design Details Review and Recommended Construction Documentation 
 
We have reviewed the Design Plans developed by WDA Design Group and the 
geotechnical recommendations provided by NEG in the May 15, 2019 report. Both the 
design depicted on the plans and the geotechnical recommendations appear reasonable. 
We provide the following comments: 
 

• We note that the Detention Berm Section presented on Sheet C5.04 is conceptual 
(for example the solid pipe through the embankment will flow through concrete 
manhole(s) prior to discharging through the flared end section as depicted on the 
plans). Therefore, actual conditions will vary.  

                                                

2 “Soil Strength and Slope Stability, Duncan, Wright and Brandon, Wiley, 2014, Table 10.1, page 
183. 
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• Following the submittal and testing of the soils to be used as compacted structural 
fill, the geotechnical engineer should assess whether these soils will meet the 
geotechnical strength properties assumed in the slope stability analyses.  

• The geotechnical engineer should be present during critical portions of the 
construction to document that the topsoil and fine to medium sand subsoil layers 
have been removed and that the impervious embankment core has been 
construction consistent with the project plans.                                                                 

 
We appreciated the opportunity to be of service on this project. If you have any 
questions, please do not hesitate to contact the undersigned. 
 
Sincerely yours, 
O'Reilly, Talbot & Okun Associates, Inc. 

 

Stephen McLaughlin, EIT Michael J. Talbot, P.E.  
Project Manager/Reviewer Principal 
 

 

Ashley L. Sullivan, P.E. 
Associate/Reviewer 
 

Attachments: Limitations, NEG Subsurface Exploration Location Plan; NEG 
Geotechnical Report and Addendum #1, Stability Analyses Computational 
Output; Select Project Plans                                                         
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LIMITATIONS 
 
 

1. The observations presented in this report were made under the conditions described 
herein. The conclusions presented in this report were based solely upon the services 
described in the report and not on scientific tasks or procedures beyond the scope of 
the project or the time and budgetary constraints imposed by the client. The work 
described in this report was carried out in accordance with the Statement of Terms and 
Conditions attached to our proposal.  

2. The analysis and recommendations submitted in this report are based in part upon the 
data obtained from widely spaced subsurface explorations. The nature and extent of 
variations between these explorations may not become evident until construction. If 
variations then appear evident, it may be necessary to reevaluate the 
recommendations of this report. 

3. The generalized soil profile described in the text is intended to convey trends in 
subsurface conditions. The boundaries between strata are approximate and idealized 
and have been developed by interpretations of widely spaced explorations and 
samples; actual soil transitions are probably more erratic. For specific information, refer 
to the boring logs. 

4. In the event that any changes in the nature, design or location of the proposed 
structures are planned, the conclusions and recommendations contained in this report 
shall not be considered valid unless the changes are reviewed and conclusions of this 
report modified or verified in writing by O'Reilly, Talbot & Okun Associates Inc. It is 
recommended that we be retained to provide a general review of final plans and 
specifications. 

5. Our report was prepared for the exclusive benefit of our client. Reliance upon the 
report and its conclusions is not made to third parties or future property owners. 
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July 12, 2019                                                                                                            Project No. Z331.00 
 
 
Mr. David W. Brossi 
15 Juniper Lane 
Grafton, MA 01519 
 
SUBJECT:  Geotechnical Engineering Report Addendum #1 
                    Slope Stability Evaluation – Brigati Village 
        41 Church Street, 14 and 15 West Street 
      Grafton, MA 
                     
 
Dear David: 
 
Northeast Geotechnical, Inc. is pleased to present this addendum #1 to our Geotechnical Engineering 
Report dated May 15, 2019 for the proposed slope located within the westerly portion of the subject 
site.  This addendum summarizes the results of our additional geotechnical engineering studies 
pertaining to the proposed slope and associated stormwater basins.   
 
This addendum is subject to the attached Limitations and Service Constraints. 
 
Background 
 
Northeast Geotechnical developed a Geotechnical Engineering Report, dated May 15, 2019 for the 
proposed project that at that time included stormwater infiltration basins located along the top of the 
proposed three horizontal to one vertical (3H:1V) slope located within the westerly portion of the 
subject site.  Our previous studies included evaluation of slope stability based on saturated soil 
conditions resulting from the infiltration of collected stormwater in the basins at the top of the slope.   
 
We have since been informed that stormwater infiltration is no longer planned in the noted basins, and 
we were provided with updated plans by WDA Design Group including the following, which we 
reviewed: 
 

• “Grading and Drainage Plan, Sheet C3.02, dated 6/18/19” and 
• “Details”, Sheet C5.04, dated 6/18/19. 

 
Based on our conference call with you and Mr. Wayne Belec of WDA Design Group on July 2, 2019, 
we performed additional geotechnical engineering studies that included evaluating stability of the 
westerly slope based on no stormwater infiltration in the noted basins at the top of the proposed slope, 
and evaluating stability of the proposed basin berms under full storage conditions (collected 
stormwater at top of berm elevation). 
 



Brigati Village – Grafton, MA          July 12, 2019          Addendum #1          Project No. Z331.00 

2 
 

 
Geotechnical Engineering Stability Analysis and Conclusions 
 
We evaluated stability of the proposed 3H:1V slope based on no stormwater infiltration in the proposed 
basins at the top of the proposed slope, and using the results of the test borings and laboratory testing 
as contained in our original geotechnical engineering report.  We performed a limit equilibrium slope 
stability analysis using the 2016 GeoStudio– Slope/W program.  
 
We performed the analysis based on the groundwater conditions encountered in the test borings at the 
time of drilling and based on the groundwater depth measurements taken in the observation well 
installed in test boring no. NEG-1. 
 
The results of our slope stability analysis indicate an adequate factor of safety (1.7) against slope failure 
based on a 3H:1V slope constructed with compacted lifts of suitable processed gravel fill placed over 
the natural glacial till soils and the noted groundwater conditions.   
 
We also evaluated the stability of the proposed stormwater basin berm under full storage conditions.  
The referenced “Details” plan specifies the earthen berms to be constructed of impervious soil borrow 
with sides graded to a 3H:1V slope having a crest width of no less than 10 feet.  The noted section also 
specifies a minimum 3 foot wide keyway trench at the interface of the bottom of berm and underlying 
subgrade.  The basin berms will be about 3.5 to 7 feet high.  In our analysis, we assumed the berms 
will be constructed of on-site silty glacial till soils, or similar material, placed in controlled 12 inch 
thick lifts with each lift compacted to at least 95 percent of the fill material’s maximum dry density as 
determined by ASTM D1557.   
 
The results of our basin berm stability analysis indicate adequate factors of safety against sliding (5.6) 
and slope failure (1.7) under full storage conditions. 
 
We also performed a pseudostatic stability analysis to assess the factor of safety against slope failure 
of the proposed 3H:1V slope subjected to the effects of earthquake forces.  The design ground 
acceleration used in our analysis was based on the seismic parameters obtained from Table 1604.11 of 
the Massachusetts Building Code (ninth edition) for the Town of Grafton.  The results of our 
pseudostatic stability analysis indicate an adequate factor of safety (1.3) against slope failure during 
the design seismic event. 
 
We have enjoyed working with you on this project and look forward to continuing our involvement 
during future design and construction phases.  If you have any questions or require additional 
information, please contact us at 508-598-3510. 
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LIMITATIONS AND SERVICE CONSTRAINTS 
Geotechnical Engineering Consulting Services 

The opinions, conclusions and recommendations presented in this report are based upon the scope of 
services, information obtained through the performance of the services, and the schedule as agreed 
upon by Northeast Geotechnical, Inc. and the party for whom this report was originally prepared.  
This report is an instrument of professional service and was prepared in accordance with the 
generally accepted standards and level of skill and care under similar conditions and circumstances 
established by the geotechnical consulting industry.  No representation, warranty, or guarantee, 
express or implied, is intended or given.  To the extent that Northeast Geotechnical, Inc. relied upon 
any information prepared by other parties not under contract to Northeast Geotechnical, Inc. , 
Northeast Geotechnical, Inc. makes no representation as to the accuracy or completeness of such 
information.  This report is expressly for the sole and exclusive use of the party for whom this report 
was originally prepared and/or other specifically named parties have the right to make use of and rely 
upon this report.  Reuse of this report or any portion thereof for other than its intended purpose, or if 
modified, or if used by third parties, shall be at the user’s sole risk. 

Furthermore, nothing contained in this document shall relieve any other party of its responsibility to 
abide by contract documents and applicable laws, codes, regulations, or standards. 

Subsurface Explorations and Testing 

Results of any observations, subsurface exploration or testing, and any findings presented in this 
report apply solely to conditions existing at the time when Northeast Geotechnical, Inc.’s exploratory 
work was performed.  It must be recognized that any such observations and exploratory or testing 
activities are inherently limited and do not represent a conclusive or complete characterization.  
Conditions in other parts of the project site may vary from those at the locations where data were 
collected and conditions can change with time.  Northeast Geotechnical, Inc.’s ability to interpret 
exploratory and test results is related to the availability of the data and the extent of the exploratory 
and testing activities. 

The findings, conclusions and recommendations submitted in this report are based, in part, on data 
obtained from subsurface borings, test pits, and specific, discrete sampling locations.  The nature and 
extent of variation between these test locations, which may be widely spaced, may not become 
evident until construction.  If variations are subsequently encountered, it will be necessary to re-
evaluate the conclusions and recommendations of this report. 

Correlations and descriptions of subsurface conditions presented in boring logs, test pit logs, 
subsurface profiles, and other materials are approximate only.  Subsurface conditions may vary 
significantly from those encountered in borings and sampling locations and transitions between 
subsurface materials may be gradual or highly variable. 

 



Conditions at the time water level measurements and other subsurface observations were made are 
presented in the boring logs or other sampling forms.  These field data have been reviewed and 
interpretations provided in this report.  However, groundwater levels may be variable and may 
fluctuate due to variation in precipitation, temperature, and other factors.  Therefore, groundwater 
levels at the site at any time may be different than stated in this report. 

Review 

In the event that any change in the nature, design, or location of the proposed structure(s) is planned, 
the conclusions and recommendations in this report shall not be considered valid unless the changes 
are reviewed and the conclusions and recommendations of this report are modified or verified in 
writing. 

Northeast Geotechnical, Inc. should be provided the opportunity for a general review of final design 
plans and specifications to assess that our recommendations have been properly interpreted and 
included in the design and construction documents. 

Construction 

To verify conditions presented in this report and modify recommendations based on field conditions 
encountered in the field, Northeast Geotechnical, Inc. should be retained to provide geotechnical 
engineering services during the construction phase of the project.  This is to observe compliance with 
design concepts, specifications, and recommendations contained in this report, and to verify and 
refine our recommendations as necessary in the event that subsurface conditions differ from those 
anticipated prior to the start of construction. 

 



 

 

REFERENCE PLANS 







 

 

 

 

 

T
A

B
L

E
S

 
A

PP
EN

D
IX

 D

STABILITY ANALYSES 
COMPUTATIONAL OUTPUT



8/8/2019 SLOPE/W Analysis

file:///C:/Users/Mark Zambernardi/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/EFYJGKTK/may 15 report (sat cond) grafton ma … 1/4

SLOPE/W Analysis
Report generated using GeoStudio 2016. Copyright © 1991-2017 GEO-SLOPE Interna�onal Ltd.

File Informa�on
File Version: 8.16
Revision Number: 17
Date: 7/12/2019
Time: 3:42:38 PM
Tool Version: 8.16.5.15361
File Name: May 15 Report (Sat Cond) Gra�on MA (5-8-2019).gsz
Directory: C:\Users\Mark Zambernardi.DESKTOP-
2REL423\AppData\Local\Microso�\Windows\INetCache\Content.Outlook\BYVJRFW3\
Last Solved Date: 7/12/2019
Last Solved Time: 3:42:38 PM

Project Se�ngs
Length(L) Units: Feet
Time(t) Units: Seconds
Force(F) Units: Pounds
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Se�ngs
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Se�ngs

Side Func�on
Interslice force func�on op�on: Half-Sine

PWP Condi�ons Source: Piezometric Line
Apply Phrea�c Correc�on: No
Use Staged Rapid Drawdown: No

Slip Surface
Direc�on of movement: Le� to Right
Use Passive Mode: No
Slip Surface Op�on: Entry and Exit
Cri�cal slip surfaces saved: 1
Resis�ng Side Maximum Convex Angle: 1 °
Driving Side Maximum Convex Angle: 5 °
Op�mize Cri�cal Slip Surface Loca�on: No
Tension Crack

Tension Crack Op�on: (none)
F of S Distribu�on

F of S Calcula�on Op�on: Constant
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Advanced
Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 �
Search Method: Root Finder
Tolerable difference between star�ng and converged F of S: 3
Maximum itera�ons to calculate converged lambda: 20
Max Absolute Lambda: 2

Materials
Natural Glacial Till

Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 42 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Compacted Structural Fill
Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 38 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Slip Surface Entry and Exit
Le� Projec�on: Point
Le� Coordinate: (0, 153) �
Le�-Zone Increment: 4
Right Projec�on: Point
Right Coordinate: (196.67046, 90.11218) �
Right-Zone Increment: 4
Radius Increments: 4

Slip Surface Limits
Le� Coordinate: (0, 153) �
Right Coordinate: (225, 90) �

Piezometric Lines
Piezometric Line 1

Coordinates

X (�) Y (�)
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Coordinate 1 0 153
Coordinate 2 103 122
Coordinate 3 197 90
Coordinate 4 225 90

Points
X (�) Y (�)

Point 1 0 0
Point 2 0 141
Point 3 103 122
Point 4 197 90
Point 5 225 90
Point 6 225 0
Point 7 0 153

Regions
Material Points Area (�²)

Region 1 Natural Glacial Till 1,2,3,4,5,6 26,029
Region 2 Compacted Structural Fill 2,7,3 618

Current Slip Surface
Slip Surface: 1
F of S: 1.327
Volume: 708.68994 �³
Weight: 94,255.762 lbs
Resis�ng Moment: 53,788,493 lbs-�
Ac�va�ng Moment: 40,531,035 lbs-�
Resis�ng Force: 36,203.305 lbs
Ac�va�ng Force: 27,278.086 lbs
F of S Rank (Analysis): 1 of 5 slip surfaces
F of S Rank (Query): 1 of 5 slip surfaces
Exit: (196.67046, 90.112183) �
Entry: (0, 153) �
Radius: 1,415.9058 �
Center: (528.43038, 1,466.6022) �

Slip Slices
X (�) Y (�) PWP

(psf)
Base Normal Stress

(psf)
Fric�onal Strength

(psf)
Cohesive Strength

(psf)
Slice
1 3.150329 151.74146 19.36789 36.966307 13.74939 0

Slice
2 9.4509869 149.24184 57.014455 108.43266 40.172301 0

Slice
3 15.751645 146.77702 92.488728 175.26139 64.669095 0

Slice
4 22.052303 144.34683 125.80286 237.64055 87.377178 0

Slice
5 28.352961 141.95106 156.96874 295.7633 108.4382 0
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Slice
6

34.653619 139.58953 185.99799 349.82164 127.99307 0

Slice
7 40.954276 137.26206 212.90202 400.00008 146.17702 0

Slice
8 47.254934 134.96848 237.69196 446.46933 163.11476 0

Slice
9 53.555592 132.70859 260.37872 489.38046 178.91577 0

Slice
10 59.85625 130.48224 280.97297 528.85936 193.67007 0

Slice
11 66.339364 128.22674 299.95946 566.18891 239.71408 0

Slice
12 73.004934 125.9439 317.22555 601.65298 256.09961 0

Slice
13 79.670505 123.69802 332.18501 633.2864 271.11291 0

Slice
14 86.336075 121.48892 344.84938 661.00313 284.66612 0

Slice
15 93.001645 119.31643 355.22996 684.68071 296.63879 0

Slice
16 99.667215 117.18035 363.33777 704.16761 306.88457 0

Slice
17 106.34537 115.07663 360.95415 703.29933 308.24899 0

Slice
18 113.03612 113.00522 348.08117 681.71687 300.40693 0

Slice
19 119.72687 110.97001 332.95009 655.19776 290.1531 0

Slice
20 126.41762 108.97082 315.57109 623.63532 277.38228 0

Slice
21 133.10836 107.00749 295.95409 586.96733 262.0295 0

Slice
22 139.79911 105.07988 274.10875 545.18183 244.07529 0

Slice
23 146.48986 103.18782 250.04453 498.31907 223.5474 0

Slice
24 153.1806 101.33117 223.77066 446.46938 200.51883 0

Slice
25 159.87135 99.509794 195.29615 389.76715 175.10248 0

Slice
26 166.5621 97.723541 164.62977 328.3818 147.44299 0

Slice
27 173.25285 95.972277 131.78009 262.50653 117.70661 0

Slice
28 179.94359 94.255868 96.755478 192.3461 86.070181 0

Slice
29 186.63434 92.574183 59.564082 118.10462 52.71014 0

Slice
30 193.32509 90.927094 20.213847 39.974412 17.792492 0
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SLOPE/W Analysis
Report generated using GeoStudio 2016. Copyright © 1991-2017 GEO-SLOPE Interna�onal Ltd.

File Informa�on
File Version: 8.16
Revision Number: 30
Date: 7/12/2019
Time: 3:51:39 PM
Tool Version: 8.16.5.15361
File Name: July 12 Addendum - Gra�on MA (7-12-2019).gsz
Directory: C:\Users\Mark Zambernardi.DESKTOP-
2REL423\AppData\Local\Microso�\Windows\INetCache\Content.Outlook\BYVJRFW3\
Last Solved Date: 7/12/2019
Last Solved Time: 3:51:40 PM

Project Se�ngs
Length(L) Units: Feet
Time(t) Units: Seconds
Force(F) Units: Pounds
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Se�ngs
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Se�ngs

Side Func�on
Interslice force func�on op�on: Half-Sine

PWP Condi�ons Source: Piezometric Line
Apply Phrea�c Correc�on: No
Use Staged Rapid Drawdown: No

Slip Surface
Direc�on of movement: Le� to Right
Use Passive Mode: No
Slip Surface Op�on: Entry and Exit
Cri�cal slip surfaces saved: 1
Resis�ng Side Maximum Convex Angle: 1 °
Driving Side Maximum Convex Angle: 5 °
Op�mize Cri�cal Slip Surface Loca�on: No
Tension Crack

Tension Crack Op�on: (none)
F of S Distribu�on

F of S Calcula�on Op�on: Constant
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Advanced
Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 �
Search Method: Root Finder
Tolerable difference between star�ng and converged F of S: 3
Maximum itera�ons to calculate converged lambda: 20
Max Absolute Lambda: 2

Materials
Natural Glacial Till

Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 42 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Compacted Structural Fill
Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 38 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Slip Surface Entry and Exit
Le� Projec�on: Point
Le� Coordinate: (0, 153) �
Le�-Zone Increment: 4
Right Projec�on: Point
Right Coordinate: (196.67046, 90.11218) �
Right-Zone Increment: 4
Radius Increments: 4

Slip Surface Limits
Le� Coordinate: (0, 153) �
Right Coordinate: (225, 90) �

Piezometric Lines
Piezometric Line 1

Coordinates

X (�) Y (�)
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Coordinate 1 0 141
Coordinate 2 103 122
Coordinate 3 197 90
Coordinate 4 225 90

Points
X (�) Y (�)

Point 1 0 0
Point 2 0 141
Point 3 103 122
Point 4 197 90
Point 5 225 90
Point 6 225 0
Point 7 0 153

Regions
Material Points Area (�²)

Region 1 Natural Glacial Till 1,2,3,4,5,6 26,029
Region 2 Compacted Structural Fill 2,7,3 618

Current Slip Surface
Slip Surface: 2
F of S: 1.721
Volume: 3,063.2329 �³
Weight: 407,409.98 lbs
Resis�ng Moment: 54,269,224 lbs-�
Ac�va�ng Moment: 31,539,489 lbs-�
Resis�ng Force: 190,163.57 lbs
Ac�va�ng Force: 110,527.23 lbs
F of S Rank (Analysis): 1 of 5 slip surfaces
F of S Rank (Query): 1 of 5 slip surfaces
Exit: (196.67046, 90.112183) �
Entry: (0, 153) �
Radius: 267.4592 �
Center: (173.48201, 356.56428) �

Slip Slices
X (�) Y (�) PWP (psf) Base Normal Stress

(psf)
Fric�onal Strength

(psf)
Cohesive Strength

(psf)
Slice
1 3.4030936 150.19534 -612.96121 170.62173 133.3043 0

Slice
2 10.209281 144.76726 -352.59298 498.03397 389.10679 0

Slice
3 17.015468 139.68866 -114.03177 796.98474 622.67272 0

Slice
4 23.594771 135.08396 97.568835 1,054.3635 861.50178 0

Slice
5 29.947189 130.91409 284.64836 1,321.2873 933.3939 0
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Slice
6

36.299607 126.99572 456.03362 1,560.3531 994.33371 0

Slice
7 42.652026 123.31618 612.51665 1,774.9688 1,046.6766 0

Slice
8 49.004444 119.8643 754.7933 1,967.9449 1,092.3266 0

Slice
9 55.356862 116.63025 883.47743 2,141.518 1,132.7449 0

Slice
10 61.709281 113.60532 999.11242 2,297.3656 1,168.9524 0

Slice
11 68.061699 110.78178 1,102.1806 2,436.6151 1,201.5302 0

Slice
12 74.414117 108.15276 1,193.1108 2,559.8526 1,230.6198 0

Slice
13 80.766536 105.71214 1,272.285 2,667.1336 1,255.9273 0

Slice
14 87.118954 103.45445 1,340.0437 2,758.004 1,276.7372 0

Slice
15 93.471372 101.37486 1,396.6899 2,831.5329 1,291.9384 0

Slice
16 99.823791 99.469017 1,442.4937 2,886.3686 1,300.0708 0

Slice
17 106.34537 97.691432 1,445.7904 2,905.6378 1,314.4525 0

Slice
18 113.03612 96.047631 1,406.235 2,885.9474 1,332.339 0

Slice
19 119.72687 94.584995 1,355.3749 2,838.4469 1,335.364 0

Slice
20 126.41762 93.300501 1,293.3988 2,760.3899 1,320.8847 0

Slice
21 133.10836 92.191551 1,220.4687 2,649.4292 1,286.6418 0

Slice
22 139.79911 91.255942 1,136.7222 2,503.8605 1,230.9768 0

Slice
23 146.48986 90.491845 1,042.2733 2,322.8284 1,153.017 0

Slice
24 153.1806 89.897783 937.21417 2,106.4692 1,052.8019 0

Slice
25 159.87135 89.472623 821.61563 1,855.9619 931.32963 0

Slice
26 166.5621 89.215557 695.52799 1,573.4785 790.51016 0

Slice
27 173.25285 89.1261 558.98152 1,262.0291 633.02688 0

Slice
28 179.94359 89.204085 411.98673 925.22291 462.11993 0

Slice
29 186.63434 89.449658 254.53445 566.96948 281.31777 0

Slice
30 193.32509 89.863281 86.595783 191.15999 94.150036 0
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SLOPE/W Analysis
Report generated using GeoStudio 2016. Copyright © 1991-2017 GEO-SLOPE Interna�onal Ltd.

File Informa�on
File Version: 8.16
Revision Number: 29
Date: 7/12/2019
Time: 2:06:40 PM
Tool Version: 8.16.5.15361
File Name: July 12 Addendum (seismic) - Gra�on MA (7-12-2019).gsz
Directory: C:\Users\Mark Zambernardi.DESKTOP-
2REL423\AppData\Local\Microso�\Windows\INetCache\Content.Outlook\BYVJRFW3\
Last Solved Date: 7/12/2019
Last Solved Time: 3:50:24 PM

Project Se�ngs
Length(L) Units: Feet
Time(t) Units: Seconds
Force(F) Units: Pounds
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Se�ngs
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Se�ngs

Side Func�on
Interslice force func�on op�on: Half-Sine

PWP Condi�ons Source: Piezometric Line
Apply Phrea�c Correc�on: No
Use Staged Rapid Drawdown: No

Slip Surface
Direc�on of movement: Le� to Right
Use Passive Mode: No
Slip Surface Op�on: Entry and Exit
Cri�cal slip surfaces saved: 1
Resis�ng Side Maximum Convex Angle: 1 °
Driving Side Maximum Convex Angle: 5 °
Op�mize Cri�cal Slip Surface Loca�on: No
Tension Crack

Tension Crack Op�on: (none)
F of S Distribu�on

F of S Calcula�on Op�on: Constant
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Advanced
Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 �
Search Method: Root Finder
Tolerable difference between star�ng and converged F of S: 3
Maximum itera�ons to calculate converged lambda: 20
Max Absolute Lambda: 2

Materials
Natural Glacial Till

Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 42 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Compacted Structural Fill
Model: Mohr-Coulomb
Unit Weight: 133 pcf
Cohesion': 0 psf
Phi': 38 °
Phi-B: 0 °
Pore Water Pressure

Piezometric Line: 1

Slip Surface Entry and Exit
Le� Projec�on: Point
Le� Coordinate: (0, 153) �
Le�-Zone Increment: 4
Right Projec�on: Point
Right Coordinate: (196.67046, 90.11218) �
Right-Zone Increment: 4
Radius Increments: 4

Slip Surface Limits
Le� Coordinate: (0, 153) �
Right Coordinate: (225, 90) �

Piezometric Lines
Piezometric Line 1

Coordinates

X (�) Y (�)
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Coordinate 1 0 141
Coordinate 2 103 122
Coordinate 3 197 90
Coordinate 4 225 90

Seismic Coefficients
Horz Seismic Coef.: 0.14
Vert Seismic Coef.: 0.14

Points
X (�) Y (�)

Point 1 0 0
Point 2 0 141
Point 3 103 122
Point 4 197 90
Point 5 225 90
Point 6 225 0
Point 7 0 153

Regions
Material Points Area (�²)

Region 1 Natural Glacial Till 1,2,3,4,5,6 26,029
Region 2 Compacted Structural Fill 2,7,3 618

Current Slip Surface
Slip Surface: 2
F of S: 1.289
Volume: 3,063.2329 �³
Weight: 407,409.98 lbs
Resis�ng Moment: 64,155,335 lbs-�
Ac�va�ng Moment: 49,782,105 lbs-�
Resis�ng Force: 226,046.23 lbs
Ac�va�ng Force: 175,376.18 lbs
F of S Rank (Analysis): 1 of 5 slip surfaces
F of S Rank (Query): 1 of 5 slip surfaces
Exit: (196.67046, 90.112183) �
Entry: (0, 153) �
Radius: 267.4592 �
Center: (173.48201, 356.56428) �

Slip Slices
X (�) Y (�) PWP (psf) Base Normal Stress

(psf)
Fric�onal Strength

(psf)
Cohesive Strength

(psf)
Slice
1 3.4030936 150.19534 -612.96121 177.35539 138.56522 0

Slice
2 10.209281 144.76726 -352.59298 516.79967 403.76816 0

Slice 17.015468 139.68866 -114.03177 826.02969 645.36512 0
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3
Slice
4 23.594771 135.08396 97.568835 1,091.3358 894.79175 0

Slice
5 29.947189 130.91409 284.64836 1,370.4614 977.67042 0

Slice
6 36.299607 126.99572 456.03362 1,618.6119 1,046.7902 0

Slice
7 42.652026 123.31618 612.51665 1,840.7432 1,105.9001 0

Slice
8 49.004444 119.8643 754.7933 2,041.1793 1,158.2672 0

Slice
9 55.356862 116.63025 883.47743 2,223.6139 1,206.6643 0

Slice
10 61.709281 113.60532 999.11242 2,391.0801 1,253.3334 0

Slice
11 68.061699 110.78178 1,102.1806 2,545.8951 1,299.9264 0

Slice
12 74.414117 108.15276 1,193.1108 2,689.5793 1,347.4263 0

Slice
13 80.766536 105.71214 1,272.285 2,822.7627 1,396.0564 0

Slice
14 87.118954 103.45445 1,340.0437 2,945.0899 1,445.1901 0

Slice
15 93.471372 101.37486 1,396.6899 3,055.1477 1,493.2821 0

Slice
16 99.823791 99.469017 1,442.4937 3,150.4432 1,537.8446 0

Slice
17 106.34537 97.691432 1,445.7904 3,215.205 1,593.1881 0

Slice
18 113.03612 96.047631 1,406.235 3,243.148 1,653.9639 0

Slice
19 119.72687 94.584995 1,355.3749 3,238.2269 1,695.3276 0

Slice
20 126.41762 93.300501 1,293.3988 3,193.3219 1,710.6985 0

Slice
21 133.10836 92.191551 1,220.4687 3,102.1296 1,694.2551 0

Slice
22 139.79911 91.255942 1,136.7222 2,959.9934 1,641.6807 0

Slice
23 146.48986 90.491845 1,042.2733 2,764.5999 1,550.7898 0

Slice
24 153.1806 89.897783 937.21417 2,516.3956 1,421.9013 0

Slice
25 159.87135 89.472623 821.61563 2,218.6132 1,257.8623 0

Slice
26 166.5621 89.215557 695.52799 1,876.8837 1,063.6974 0

Slice
27 173.25285 89.1261 558.98152 1,498.5028 845.94875 0

Slice
28 179.94359 89.204085 411.98673 1,091.5066 611.84239 0

Slice
29 186.63434 89.449658 254.53445 663.74829 368.45779 0

Slice
30 193.32509 89.863281 86.595783 222.1537 122.0569 0
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